The Fama and French (F&F) methodology is however ad hoc with regard to the US stock market. For instance, they only use the NYSE stocks to define the sorting breakpoints in order not to be tilted towards the numerous small stocks of the Nasdaq and Amex exchanges. Likewise, the F&F methodology is also rather arbitrary regarding the way risk fundamentals are priced. They perform two-sorts for size and three-sorts for book-to-market on the heuristic basis that size is less informative than book-to-market. Besides, the yearly rebalancing of their portfolios does not match the investment horizon of investors. Carhart (1997) was the first author to raise what could be seen as a criticism to the Fama and French approach. To construct his momentum factor, he redefines the 2x3 sorts and the yearly rebalancing of F&F into a 3x3 sorts and a rebalancing on a monthly basis. A recent study of Cremers et al. (2008) also expresses direct criticisms about the F&F method. They show that F&F do not consistently price passive index factors and do not even consistently price portfolios sorted on size and book-to-market. They propose some alternative guidelines for creating the factors and conclude to a superiority of their set of premiums.
Moreover, to be applicable on other markets or other risk fundamentals, the F&F methodology needs to be extended or generalized. Some contributions have already been made in this direction. Faff He uses style index data rather than constructing the 6 size and book-to-market sorted-portfolios. The estimated size factor is however inconsistent with F&F results as it displays a negative average return over the period. The F&F methodology has also been adapted for factoring non-traded characteristics into returns. For example, Easley et al. (2005) use the F&F method to factor the use of private information into returns.
Besides, Ajili (2005) , Kat and Miffre (2006) , Kole and Verbeek (2006) , and recently Agarwal et al. (2008) and Moreno and Rodriguez (2009) use the F&F methodology to construct coskewness and/or cokurtosis mimicking portfolios. All these technologies lead to premiums whose descriptive statistics are inconsistent with the literature, indicating that the method should be improved. 5 We view our contribution as methodological. We revisit the procedure introduced by Fama and French for creating risk factors, and propose an alternative way of computing the mimicking portfolios 5 The cokurtosis factor of Kole and Verbeek (2006) displays a negative average return (June 1974 -November 2003 although positive excess in cokurtosis has been shown to be rewarded in equity market. The skewness premium of Kat and Miffre (2006) is negative over the period (1985) (1986) (1987) (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) although investors should earn compensation for exposure to negative systematic skewness. Finally, the volatility and the kurtosis premiums of Agarwal et al. (2008) are also negative over the period 1994-2004. for the same size, value and momentum dimensions 6 . Our objective is to develop a modified Fama and
French procedure that could be easily implemented on other markets or price other risk fundamentals.
In order to test our methodology, we estimate the size, book-to-market and momentum risk factors and compare these three risk premiums to the publicly available Fama and French and Carhart benchmarks (referred hereafter as the F&F factors), which are commonly used in empirical studies 7 . We conduct our analysis on a sample of monthly data downloaded from Thomson Financial Datastream Inc 8 . We perform our analysis on a recent period of time: the actual sample for the risk premiums range from May 1980 to April 2007, i.e. a total of 324 monthly observations.
We first find evidence of the complementary character of the F&F size, book-to-market and the
Carhart momentum factors and of our alternative specification of these premiums. Each set of premiums adds explanatory power to the other one. Moreover, our specification of the empirical risk premiums adds more explanatory power to the market model than the original F&F and Carhart premiums do. Both models deliver equivalent levels of pricing errors. The F&F model tends to underestimate risk, while our alternative model overestimates it. We also test each model specification against the other one. The modified F&F premiums appear to deliver slightly superior results to the original empirical risk premiums. Therefore, if we have to choose one or the other specification, all
evidence indicates that our model should be preferred.
The rest of the paper is structured as follows. Section I starts with reviewing the Fama and French methodology. It addresses the issues surrounding their approach, and develops the modifications we bring to F&F premiums construction. Section II describes the data used in this paper,
i.e the sample including the dependent and the independent datasets. Section III tests the complementary character of each set of premiums through nested models. Section IV tests the superiority between the two sets of premiums through non-nested models. Section V concludes. 6 Empirical risk factors have long been known to have interesting return patterns. We acknowledge the debate about the nature of these risk factors. According to Fama and French (1993) , they are proxy for nondiversifiable risks, while for Daniel and Titman (1997) , it is the characteristics rather than the covariance structure that are priced in these mimicking portfolios. This debate is however not the purpose of our research as the interest of the paper does not reside in the 3 empirical factors but in the new technology for creating risk factors. 7 http://mba.tuck.dartmouth.edu/pages/faculty/ken.french/data_library.html 8 As our purpose is to define guidelines for constructing benchmarks of risk that would be valid for any database, the use of Datastream should not influence our results.
I. Review of the Fama and French Methodology
In the Fama and French framework, stocks are not only priced according to their sensitivity to the market portfolio, but also for their co-variations with two hedge portfolios that reflect the return differential between small and big capitalizations, and between value and growth stocks. Carhart (1997) completes the Fama and French model by computing, along a similar method, a momentum factor. It captures the difference in returns between the highest and the lowest prior-return portfolios.
In this section, we review how Fama and French compute these risk premiums. We address the issues surrounding their methodology when one wants to extend it to other market or to other risk fundamentals. Next, we describe the modifications brought to the F&F method.
I.1 Issues surrounding the portfolio construction methods Fama and French (1992) consider two ways of scaling stocks: a sort on market equity, and a sort on book-to-market. They perform two independent sorts onto a full cross-section of US stocks returns (for which book-to-market 9 and market equity 10 values are available). On his website, Kenneth
French completes the F&F framework by performing an additional sort on momentum. Six portfolios are formed on size (ME) and book-to-market (BE/ME), and another six on size and prior (lagged 2 to 12 months) return. Stocks are scaled 11 according to one breakpoint for size and two for BE/ME and momentum series, because Fama and French (1993) consider that size is less informative for the crosssectional variations of stocks than the two other variables.
Value-weighted portfolios are then formed by intersecting the rankings. Size-BTM portfolios are rebalanced every June of year y according to the market equity of December of y-1 and according to the book equity for fiscal year ending in calendar in year y-1 12 . Size and MOM portfolios are rebalanced every month according to the prior 2-12 months return and the market equity for t-1. To feature in the momentum portfolios for month t (formed at the end of t-1), a stock must have a ME for t-1, and a market price at the end of month t-13.
The empirical factors are defined on the basis of these six value-weighted portfolios. First, the size factor (SMB) is the equally-weighted average return on the three small portfolios minus the 9 Book-to-market is defined as the ratio of the firm's book value of common equity, BE, to its market value, ME. 10 Size is defined as market equity, ME, i.e. stock price times shares outstanding. 11 Temporary disappearances, missing values, or unrealistic values in any firm time-series simply exclude the related stocks from the analysis for that time. 12 To be included in the portfolio for month t (from July of year y to May of year y+1), each share must have an observable market equity and a positive book equity for the end of year y-1.
average return on the three big portfolios. Second, the BTM factor (HML) is the equally-weighted average return on the two value portfolios minus the average return on the two growth portfolios.
Finally, the momentum factor is the average return on the two high prior-return portfolios minus the average return on the two low prior-return portfolios. weight on small cap value stocks when averaging the 2x3 sorted portfolios into the factor returns. Our extension of the definition of the sorting breakpoints to all US stocks rather than only the NYSE stocks is motivated by a similar concern. We do not think that the equally-weighted average of the 2x3 portfolios could bias the factor as the set of 2x3 portfolios are value-weighted. However, by limiting the definition of the sorting breakpoints to the NYSE stocks, the F&F method leads to consider bigger portfolios of small caps, with two unfortunate effects. On the one hand, this leads to diversifying the risk related to small stocks as it mixes small and mid caps. On the other hand, it tends to overestimate the value premium as the value effect is more important in small caps than in big caps (Griffin et al., 2002; Cremers et al., 2008) . Besides, Cremers et al. (2008) considers small and big caps separately when pricing the value factor. Finally, as market indices are often defined along four dimensions for size and only along two for value effects, Cremers et al. (2008) consider the impact on their premiums specification to follow this breakdown. We consider that this point in their technology is equally arbitrary as some of the F&F choices.
Indirect criticisms concern works that do not attempt to modify the Fama and French method for creating US empirical SMB and HML -like in this paper -but rather want to generalize it either on other exchange markets or on other risk fundamentals.
According to Faff (2001) , the F&F methodology is not easily transposable in other markets.
Through their annual rebalancing, they are consumptive in reliable data over quite long period (more than one year of data is required for each premium time value) that sometimes do not exist. Figure 1 illustrates this cubic risk approach.
< Insert Figure 1 here > Our objective is to detect whether, when it is made conditional on two of the three risk dimensions, there is still variation related to the third risk criterion. Therefore, we substitute F&F's "independent sort" with a "sequential or conditional sort", i.e. a multi-stage sorting procedure. Namely, we perform successively three sorts. The first two sorts are operated on "control risk" dimensions, while we end with the risk dimension to be priced. The sequential sorting produces 27 portfolios capturing the return related to a low, medium, or high level on the risk factor, conditional on the levels registered on the two control risk dimensions. Taking the difference between the portfolios scoring 13 Note that this monthly rebalancing of the portfolios involves on average more than 1000 stocks per period.
high and low on the risk dimension to be priced, but scoring at the same level for the two control risk dimensions, we obtain the return variation related to our risk under consideration.
In such a sequential setting, the premiums capture the return attached to one risk dimension, after having controlled for the two other risk dimensions. An independent sorting like in Fama and French (1993) would be contaminated by the correlations across the risk dimensions, and so across the rankings. Of course, introducing the three F&F empirical risk premiums in a multiple regression would let the risk exposures fight it out and would control for these cross-correlations between premiums.
Our objective is however somewhat different as we want to deliver premiums that can be used on their own and that do not require that all three empirical risk premiums are included in the same regression.
To achieve this goal, the control for the other two sources of risk must be made inside the premium computation rather than externally in a multiple regression.
Like Agarwal et al. (2008) , we perform a conditional sorting procedure. However, we systematically end up with the risk dimension to be priced. This choice maximizes the return variation of the different ranked portfolios along the risk dimension, while controlling for the other two risk dimensions. By performing one unique sequential sorting (i.e. covariance-coskewness-cokurtosis), the method of Agarwal et al. (2008) does not control optimally for the two risks that are not to be priced.
14 We illustrate our methodology with the HML factor construction. We start by breaking up the NYSE, Amex, and NASDAQ stocks into three groups according to the SMB criterion 15 . We then successively scale each of the three SMB portfolios into three classes according to their 2-12 prior return. Each of these 9 portfolios is in turn split in three new portfolios according to their book-tomarket fundamentals. We end up with 27 value-weighted portfolios. The rebalancing is made on a monthly basis. For each month t, every stock is ranked on the selected risk dimensions. It integrates one side, then one row, then one cell of the cube and thus enters one and only one portfolio. Its specific value-weighted returns in the month following the ranking are then related to the reward of the risks incurred in this portfolio.
To create a risk factor, we only consider, among the 27 portfolios inferred from the cubic risk space, the 18 that score at a high or low level on the risk dimension. 9 portfolios are then constituted from the difference between high and low scored portfolios, which display the same ranking on the other two risks (used as control variables). Finally, the cubic risk factor is computed as the arithmetic average of these 9 portfolios.
To comply with a monthly rebalancing strategy, we assume that market participants refer to the last quarterly reporting to form their expectations about each stock. Therefore, we use a linear interpolation to transpose annual debt and asset values into quarterly data, as this is the usual publishing frequency on the US markets:
for k = 3,6,9,12, i.e. k th month of year y. Second, we ignore unrealistic values 16 of BTM for the US markets, i.e. higher than 12.5, in line with the empirical study of Mahajan and Tartaroglu (2008) .
Third, we borrow Jegadeesh and Titman's (1993, 2001 ) and Carhart's (1997) definition of momentum.
The one-year momentum anomaly for month t is defined as the trailing eleven-month return lagged one month (t-11 to t-1). Stocks that do not have a price at the end of month t-12 are not considered for that period. Our momentum strategy thus benefits from the over-performance of winners and from the underperformance of losers by combining long and short positions into the portfolio.
From a conceptual point of view, the cubic factor construction method is more easily transposable to other market and/or risk fundamentals. Besides, we expect our premiums to capture at least as precisely the underlying sources of risk as the specification put forward by Fama and French (1993) . On the empirical side, like the F&F factors, the cubic risk factors can be used as independent variables in a time-series regression, so that it lets the data decide on their significance. We need to develop a testing framework that avoids data snooping bias 17 . We examine and test the economic and statistical properties of both sets of factors in the following sections. 16 We allow a variation of up to one standard deviation around the US average BTM. 17 Both procedures sort stocks into groups according to a variable known to be informative about their returns, which ensures a high between-group variation of expected returns (Berk, 2000) . This property is needed when one want to relate required returns to firm-specific characteristics. In the testing phase however, the use of characteristic-sorted portfolios potentially creates a data snooping bias. We discuss how this issue is avoided in the next sections.
II. Data

II.1 Sample
We test two alternative sets of empirical risk premiums: the original F&F premiums and a modified version of their premiums. Both sets are inferred from a full cross-section of US stocks.
First, the F&F risk premiums are built along the methods set by Fama and French (1993) and Carhart (1997) . The F&F sample is formed by the collection of all NYSE, Amex, and NASDAQ stocks from CRSP. The market risk premium that corresponds to this space is computed as the valueweighted return on all stocks minus the one-month T-Bill rate (from Ibbotson Associates).We extract the corresponding data set from Kenneth French's data library that is made available to researchers. 19 The results emphasized in this paper are not contingent on the database used. We have carried out exactly the same analysis on F&F premiums constructed with Thomson Datastream instead of the original ones constructed with the CRSP database. Although the descriptive statistics of these replicated sets of premiums differ from the ones published on French's website, their properties are identical when it comes to their contribution to the return generating process.
All the results derived in this paper remain valid. Detailed results are available upon request. 20 As for the risk space of F&F, temporary data non-availability just excludes the stock from the analysis at that time. 21 The company total debt at year y (D) concerns all interest bearing and capitalized lease obligations (long and short term debt) at the end of the year. These variables have been collected on Computstat. 22 The company total asset at year y (A) is the sum of current and long term assets owned by the company for that year. These variables have been collected on Computstat. 23 We designate by market value at month t, the quoted share price multiplied by the number of ordinary shares of common stock outstanding at that moment. As in Fama-French (1993) , negative or zero book values that result from particular cases of persistently negative earnings are excluded from the analysis.
analysis covers 324 monthly observations. The market risk premium inferred from this space corresponds to the value-weighted return on all US stocks minus the one-month T-Bill rate.
To assess the accuracy of our sample, Table 1 compares our market portfolio to the F&F one.
< Insert Table 1 here > Table 1 shows similar statistics for the two market portfolios over the total sample period, i.e.
from February 1973 to June 2008. Moreover, as the two portfolios are correlated at 99.7%, we can be confident in the quality of our data selection.
II.2 Independent Dataset
Our analysis aims at discriminating between the explanatory properties of the F&F factors and the cubic premiums. Therefore, these two sets of premiums will be introduced as independent variables in two arrays of asset pricing models 24 . (at a significance level of 10 and 5%, respectively). The momentum strategy has the strongest returns, with an average return more than five times higher than the size premium, and almost the double of the HML strategy, but is also more volatile. 24 The main criticism of the work of Cremers et al. (2008) lies in the large and significant alpha that the 4-factor model of Carhart displays on passive index. Cremers et al. (2008) study more particularly the S&P 500 and the Russell 2000 (see Table 7a and 7b of their paper). We replicate Cremers et al. (2008) time-series analysis on both the original and our modified F&F empirical risk premiums for the S&P 500 and the Russell 2000 over the period January 1988 to April 2007 (see Table A in Appendix). Like in Cremers et al. (2008) , the S&P 500 demonstrates loadings of -0.21, 0.01, -0.02 on respectively SMB, BTM, MOM, and market factors of Fama and French (1993) . The R²of the model is also very similar to the results of Cremers et al. Although the alpha is also significant, it displays significant negative and lower absolute value over the period. We repeat the same analysis on our alternative 4-factor Carhart model. We deliver slightly lower R² but non-significant alpha over the period. Cremers et al. precise that the positive loadings on the HML premium could be puzzling: the equal-weghting of the SMB ff premium could overweight portfolio made of value and small stocks so that it creates artificially a dependence on the HML ff premium. This problem is still significant even in their alternative models. Our analysis however reports negative and non-significant loading on the HML factor and half the loading on the SMB factor. Consequently, our R² is also inferior to the one displayed by the 4-factor Carhart model. Our model displays negative and significant alpha but largely inferior to the value displayed by Cremers et al.
Panel B displays the cubic version of the premiums. Not all premiums present a positive average return. The HML premium displays a very small, insignificant negative average return. The importance of the SMB premium becomes similar to the one of the momentum strategy. They present approximately the same (significant) positive average return over the period. Indeed, as mentioned before, our size factor is formed from the return differential between portfolios of extremely small caps and portfolios of big stocks. By considering all the NYSE, Nasdaq, and AMEX stocks, our breakpoints are tilted towards small caps comparatively to the F&F premium. This explains the larger average spread observed for this premium. Finally, the cubic momentum premium presents characteristics very similar to the F&F premium. Ours is however almost half less volatile over the period. Table 3 displays the correlations between and among these two sets of premiums.
< Insert Table 3 here >
The bottom-left corner displays the cross-correlations between the two sets of premiums. The cubic SMB and BTM factors are correlated at respectively 67.16 and 68.25% with their F&F counterparts. These levels indicate that, although the original and the modified size and value premiums are intended to price the same risk, approximately one third of their variation provides different information. The momentum premiums display a higher correlation. Contrarily to SMB and BTM, the French momentum premium does not exactly follow the Fama and French (1993) methodology. The premium is rebalanced monthly rather than annually. It differs from our momentum premium only with regard to the breakpoints used for the rankings and the sequential sorting.
The bottom-right corner presents the intra-correlations among F&F premiums. The SMB and HML factors are highly negatively correlated over the period (-40.83%). The momentum premium also displays a negative correlation with the HML factor, but a positive correlation with the SMB factor.
This evidence contrasts with the top-left corner that presents the intra-correlations among the cubic F&F premiums. The signs are consistent with the ones displayed by the F&F premiums. But the levels of the correlations are considerably lower, which is consistent with our objective of reaching independency between premiums. The intra-correlations among the F&F premiums are all statistically significant, whereas the correlations among our alternative factors are only significant (but inferior)
between the SMB and HML factors.
25 25 The correlation structure displayed in Table 11 of Cremers et al. (2008) does not achieve such an improvement. Their alternative set of premiums is still strongly correlated.
II.3 Dependent Dataset
To evaluate the goodness of fit of the two asset pricing models in a strictly neutral, controlled setup, one need to represent the investors' opportunity set (Ahn et al., 2009) . There are two possible cases.
One could use all the individual stocks in the opportunity set to conduct its test. But one could also try to organize the data into groups into order to facilitate the analysis. We perform both types of analyses.
Conducting test on portfolios
In order to reduce the error-in-variables problem (Blume, 1970) and get better estimates of the factor loadings, we group the investors' opportunity set into portfolios and conduct the analysis on them 26 .
To test for size, BTM, or momentum risk factors on characteristic-sorted portfolios would create a data snooping bias 27 . Lo and MacKinlay (1990) and Conrad et al. (2003) show that sorting stocks into portfolios according to a variable known to be correlated with returns would by construction relate the returns of the portfolios to the variable under consideration, even if there is no real relationship.
Besides, size, BTM and momentum portfolios have a strong factor structure. Fama and French's 3-factor model explains more than 90% of the time-variation in the portfolio's realized returns. To avoid such a bias, we sort stocks into portfolios according to the levels taken by the alpha and the R² from a simple single-factor market model regression. This choice has two advantages. First, it allows forming portfolios on variables that are not correlated with the returns, and presumably avoids the data snooping bias. Second, our sort is informative. It enables us to witness the improvement (in terms of alphas and R²s) that empirical premiums have on the market model. Table 4 displays summary statistics about our sorting portfolios.
< Insert Table 4 here > 26 We do not carry our analysis within portfolios because it could lead to reject whatever pricing model. Indeed, even if the variable used for the sort is not correlated with returns, the specification error in the whole sample or within the portfolio would be the same for a lower cross-sectional variability. As a consequence, the signal-to-noise (i.e. the specification error divided by the cross-sectional variation) can be so low that the specification error totally swamps the explanatory power of the model (Berk, 2000) . 27 We need to dissociate the methodologies discussed from the use of characteristic-sorted portfolios as testing assets. In general, the higher the R² and the higher the alpha, the higher the portfolio returns. The volatility is the largest for high R² and low alpha portfolios.
Conducting test on individual stocks
Aggregating stocks into portfolios reduces the idiosyncratic risk and lead to more efficient loadings on the systematic risk factors. However, it also shrinks the dispersion among the dependent assets, and as a consequence, could be at the origin of an inevitable loss in information (see Ang et al., 2009 for a discussion). Therefore, we evaluate the goodness-of-fit of the two alternative asset pricing models on 11,377 individual stocks. Table 5 reports the descriptive statistics for a representative of each dependent dataset.
< Insert Table 5 here >
The risk-return profiles differ from one dataset to the other. The portfolio test assets have on average positive returns, while they are negative for the individual test assets. Furthermore, portfolio test assets present a large level of kurtosis but a very small and positive skewness, while individual test assets display negative but non significant skewness with a lower level of kurtosis. The cross-sectional dispersion in individual test assets is more than twice the one of portfolio test assets.
III. Nested Models
This section tests the complementarities between the F&F premiums and the cubic empirical premiums. We consider the following three models:
1. M0 or the market model:
2. M1 or the F&F model:
3. M2 or the cubic model :
where R i stands for the return on asset i, μ for the market premium, X' for the F&F premiums, and Z' for the cubic risk premiums.
To compare M1 to M2, we nest one model within the other to create the nested model M3, i.e.
M3 or the nested model :
We test for changes in R² and specification errors between the nested model (M3), and either the cubic factor model (M2) or the F&F model (M1). Moreover, we test for changes in R²s and alphas between the market model (M0) and either the F&F or the cubic premiums.
First, to test the complementary character of the F&F (resp. the cubic) premiums with regard to the cubic (resp. the F&F) premiums, we conduct statistical tests on the difference in R² obtained from the time-series regression (M3) to the ones displayed by our cubic model, i.e. M2, a constrained version of M3 (resp. to the ones displayed by the F&F model, M1).
The following statistic tests for a change in R²: 
where k=1,2 and k'=3. This statistics follows a student distribution with (324-f) degrees of freedom, where f is the number of factor in the model.
We compare the proportion of significant alphas in M0, M1, M2, and M3. Namely, we examine the proportion of alphas that become non-significant when adding the cubic empirical premiums (resp. the F&F premiums) to the market model or to the F&F (resp. cubic) model.
Second, we compare the incremental value of adding the F&F or the cubic empirical premiums to the market model using the same test statistics. deliver equivalent quality for pricing portfolio returns. Note that F&F produces only positive alphas when significant, indicating that this specification is more likely to produce an upward bias, while the specification using the cubic premiums regularly produces a downward bias but not systematically.
Portfolios as test assets
Overall, the large number of significant alphas indicates that both sets of premiums, when used in a four-factor model, produce strong model misspecification. Therefore, in this particular portfolio context, neither the F&F nor the cubic risk space can fully characterize the cross-section of test asset portfolios. Nevertheless, it has to be reminded that these portfolios are not tradable as they are formed on the basis of the statistical properties of the full time series of returns, and they are never rebalanced.
The main interest of the approach with portfolio test assets lie in the study of the complementary character of the information brought by both sets of premiums. Table 7 presents descriptive statistics about the change in R² and alpha (in absolute value) brought by F&F premiums (resp. by the cubic premiums) when introduced in the market model or in the cubic risk model (resp. in the F&F model) for the 100 portfolios over the period May 80-April 07. The added value of the cubic risk model is represented by the columns M3-M1 (passage from the F&F to the global specification) and M2-M0 (passage from the single factor to the cubic specification). Similarly, the added value of the F&F model is represented by the M3-M2 and M1-M0 columns.
< Insert Table 7 here > Panel A shows that on average, the F&F premiums add 3.5% of explanatory power to the cubic model, while the cubic premiums add nearly 3.91% of R² to the F&F model. Moreover, both sets of premiums add on average 11% of explanatory power to the market model. Panel B shows however that adding either the F&F or the cubic premiums to the market model increases the specification error of the model. On average, the F&F premiums decrease the absolute value of the specification error of the cubic model. The distribution of the changes in alpha from model M2 to model M3 is heavily skewed to the left.
We dig further in the assessment of the complementary character of the alternative sets of premiums by considering the significance rather than the magnitude of the changes. In Table 8 , we examine the frequency with which each set of premiums significantly increases the explanatory power or significantly decreases the specification error of a more parsimonious specification. This semiparametric analysis puts lower weight on the portfolios for which all models are severely misspecified.
Rather, it mostly focuses on cases where the quality of information improves.
< Insert Table 8 here > Table 8 reports the number (equal to the percentage) of significant increases in R²s brought by cubic premiums (resp. by the F&F premiums) when introduced in the market model or in the F&F risk model (resp. in the cubic model) for the 100 portfolios (Panel A). In Panel B, the table also displays the proportion of alphas that becomes non-significant when either the F&F or the cubic premiums are introduced in the regressions.
Panel A shows that the two sets of premiums are complementary as the F&F premiums add explanatory power to the cubic model for the majority of the portfolios (71%), and vice versa (75%).
The cubic model seems to slightly outperform the F&F premiums. First, the cubic risk premiums complement the determination to the F&F premiums for a larger number of portfolios than the F&F model does for the cubic premiums. Second, the cubic premiums seem also to decrease the specification errors of the market model for a larger number of portfolios. They also reduce the specification error of a model made of F&F premiums.
Overall, the analysis on portfolios shows that although our premiums and the F&F factors are correlated, both sets of factors display a strong complementary character. They intend to price the same types of risks, but differ in some part of the information they contain. Moreover, both sets of premiums improve the specification of the market model. The cubic premiums slightly outperform the F&F ones. Table 9 presents the outputs of the regression models M0, M1, M2, and M3 when conducted on the individual stocks.
Individual Stocks as Test Assets
< Insert Table 9 > The best specified model along the R² seems to be the one that combines the F&F and the cubic premiums. Along the specification errors criterion however, the market model is the best performing one. The cubic model seems to over-estimate the stock return ( 0 < α ), while the F&F premiums under-estimate it. Higher proportions of significant specification errors are found in the cubic model than in the F&F one. Table 10 here > Panel A shows that both sets of empirical premiums bring on average approximately the same improvements in R² on the market model (7%). Like for the test portfolios, we emphasize the complementarities between the F&F original and cubic premiums since both add on average more than 4.8% of explanatory power to each other. From panel B, it appears that neither the F&F, nor the cubic version of the premiums is able to reduce the specifications errors of the market model. Table 11 has a similar structure to Table 8 , but applied on individual stocks as test assets. Table 11 here > Comparatively to the F&F version, our cubic premiums bring significant complement of explanatory power to the market model for many more stocks. This result holds for all significance levels. Besides, both sets of premiums are complementary for more than 20% of the stocks at the significance level of 5 and 10%: the cubic premiums add significant explanatory power to the F&F model and vice versa.
< Insert
The F&F premiums decrease significantly the specification errors of the market model for a larger number of stocks (2,017 vs. 1,793) at a confidence level of 10%. The F&F premiums decrease also more often the specification errors of the cubic model than vice versa.
To conclude, the cubic model delivers better explanatory power when explaining either the stock or the portfolio returns. The F&F premiums produce on average less specification errors for individual stocks, while the cubic premiums outperform the F&F premiums for portfolio test assets.
IV. Non-Nested Models
This section attempts to identify the potential superiority of one set of empirical premiums (either the F&F ones or our updated version) over the other one. We follow the literature on model specification tests against non-nested alternatives (MacKinnon, 1983; Davidson and MacKinnon, 1981, 1984 θ . Davidson and MacKinnon (1981, 1984) prove that under H 0 , γˆ can be replaced by its OLS estimate from M2 so that 1 θ and β are estimated jointly. This procedure is called the "J-test". We define ' ) 1 ( 1 * β θ β − = so that M4 can be rewritten as follows:
To test M2, we reverse the roles of the two models. We consider the following model (M5):
We replace i ' N(0,1) . Among the four possible scenarios, we consider the two following cases:
is not rejected but M2 is;
The results are presented for the portfolio and individual test assets simultaneously. 30 We remove 338 observations as we require each time-series to provide a sufficient number of observations over the period.
For portfolios, the values taken by the mean and the median of the cross-sectional series of 1 θ and 2 θ suggest that on average both models deliver equivalent quality in explaining portfolio returns.
Any discrimination between the two models would come through the investigation of each individual portfolio. However, for individual assets, the analysis of the cross-sectional series of coefficients
shows that values of θ are tilted towards the acceptance of the cubic set of empirical premiums. The average value of 2 θ (76%) is indeed somewhat lower than 1 θ (almost 90%). This suggests that our cubic model would be more often "accepted" than F&F model does.
To get a Table 13 examines the significance of 1 θ and 2 θ across the portfolios and assets, for different levels of significance.
< Insert Table 13 here > The table displays, for different levels of significance, the frequency of acceptances of the F&F model, i.e. H 0 (resp. cubic model the H' 0 ) while rejecting the cubic premiums H' 1 (resp. F&F premiums H 1 ). For portfolios, the analysis fails to discriminate between the two models. However, as expected from the analysis of the cross-sectional time-series of the θ s, the cubic version of the F&F model is more frequently accepted and the F&F premiums rejected for individual stocks than the opposite. The discrepancy is the largest at the significance level of 1%, where the cubic premiums are accepted 6.6% more often than F&F premiums.
Overall, the non-nested econometric analysis shows from the values taken by 1 θ and 2 θ that in most cases the F&F and the cubic models are both either accepted or rejected. For a limited subset of stocks (up to ca. one third), some discrimination between these models can be emphasized. Our cubic premiums seem to outperform the F&F specification.
V. Concluding remarks
Our paper reviews the methodology of Fama and French (1993) for creating size and BTM factors and addresses the issues surrounding their methodology when one want to apply the method to other exchange markets or price other risk fundamentals. In this way, our paper aims to tackle an important gap in the literature: how to best construct fundamental risk factors. While it has become standard practice to use the F&F method to construct multiple size and BTM portfolios and to use them in the cross-sectional asset-pricing literature to evaluate models (Daniel and Titman, 1997; Ahn et al., 2009; Lewellen et al., 2009) , there is, to our knowledge, only very few articles that use such multiple portfolio sorts for pricing fundamental risk premiums.
We raise three main issues in applying the F&F methodology. First, the annual rebalancing is consumptive in long time-series which sometimes simply do not exist for small exchange markets.
Moreover, this does not match with the investment horizon of the investors. Second, the independent sorting procedure underlying the formation of the 6 F&F two-dimensional portfolios causes moderate level of correlation between premiums. Replicating directly their strategy for risk fundamentals exhibiting stronger correlations would lead to empty portfolios. Finally, the breakpoints as defined along the NYSE stocks produce an over-representation of small caps in portfolios.
The main innovations of our premiums reside in a monthly rebalancing of the portfolios underlying the construction of the risk premiums, and in a conditional sorting of stocks into portfolios.
The conditional sorting procedure answers the question whether there is still return variation related to the third criterion after having controlled for two risk dimensions. It consists in performing three sorts within a sort; the first two sorts are performed on control risks, while we end by the risk dimension to be priced.
We find evidence that although they are strongly correlated, the original F&F premiums and our cubic versions of the F&F premiums bring complementary information. Nevertheless, none of the alternative sets of premiums manages to reduce the specification error of the market model.
There is still some risk to be captured in both sets of premiums. As there is evidence that empirical risk premiums could be proxies for higher-order risks (Barone-Adesi et al., 2004; Chung et al., 2006 , Hung, 2007 Nguyen and Puri, 2009) , future research must consider the incremental value of higher-order moment related factors for benchmark models. Overall, we find that the cubic empirical model better complements the market model for explaining cross-sectional dispersion in returns than the F&F premiums. 31 .
We acknowledge that we do not record huge differences between both sets of factors.
Therefore, we do not claim that our premiums outperform the F&F premiums. Rather, we claim that our technology (and not the premiums) outperforms the F&F method. Our objective was indeed to reformulate the F&F construction in a way that it is directly transposable to other exchange markets than the US and other risk fundamentals, and that without damaging their pricing power. 31 Our results are confirmed when the original F&F premiums are replaced by their replication in our sample data. Results are available upon request. Table 3 , where R stands for the estimator (random variable) of the correlation coefficient, n stands for the number of observations. * , ** and *** stand for significant at 10%, 5%, and 1%, respectively. Table 4 Table 6 provides the average adjusted R² and α displayed by the market model, the F&F model, the cubic model, and a nested model made of both the F&F and the cubic premiums on the 100 test portfolios. Tests on the alpha significance are also performed, and the number and percentage of insignificant alphas and significant alphas at the 1%, 5% and 10% significance level is reported. Table 6 provides the average adjusted R² and α displayed by the market model, the F&F model, the cubic model, and a nested model made of both the F&F and the cubic premiums on the 11,377 test assets. Tests on the alpha significance are also performed, and the number and percentage of insignificant alphas and significant alphas at the 1%, 5% and 10% significance level is reported. 
